DELLA proteins are negative regulators of the signaling of gibberellin (GA), a phytohormone regulating plant growth. DELLA degradation is triggered by its interaction with GID1, a soluble GA receptor, in the presence of bioactive GA. We isolated cDNA from a spliced variant of LsDELLA1 mRNA in lettuce, and named it LsDELLA1sv. It was deduced that LsDELLA1sv encodes truncated LsDELLA1, which has DELLA and VHYNP motifs at the N terminus but lacks part of the C-terminal GRAS domain. The recombinant LsDELLA1sv protein interacted with both Arabidopsis GID1 and lettuce GID1s in the presence of GA. A yeast two-hybrid assay suggested that LsDELLA1sv interacted with LsDELLA1. The ratio of LsDELLA1sv to LsDELLA1 transcripts was higher in flower samples at the late reproductive stage and seed samples (dry seeds and imbibed seeds) than in the other organ samples examined. This study suggests that LsDELLA1sv is a possible modulator of GA signaling in lettuce.
DELLA proteins are negative regulators of the signaling of gibberellin (GA), a phytohormone regulating plant growth. DELLA degradation is triggered by its interaction with GID1, a soluble GA receptor, in the presence of bioactive GA. We isolated cDNA from a spliced variant of LsDELLA1 mRNA in lettuce, and named it LsDELLA1sv. It was deduced that LsDELLA1sv encodes truncated LsDELLA1, which has DELLA and VHYNP motifs at the N terminus but lacks part of the C-terminal GRAS domain. The recombinant LsDELLA1sv protein interacted with both Arabidopsis GID1 and lettuce GID1s in the presence of GA. A yeast two-hybrid assay suggested that LsDELLA1sv interacted with LsDELLA1. The ratio of LsDELLA1sv to LsDELLA1 transcripts was higher in flower samples at the late reproductive stage and seed samples (dry seeds and imbibed seeds) than in the other organ samples examined. This study suggests that LsDELLA1sv is a possible modulator of GA signaling in lettuce.
Key words: gibberellin; lettuce; negative regulator; signaling; spliced variant DELLA proteins are a subfamily of the GRAS family of putative transcription factors, which act as repressors of gibberellin (GA) signaling. 1) GAs are a large family of tetracyclic diterpenoid plant hormones that regulate a wide range of plant processes, including seed germination, stem elongation, leaf expansion, and flowering. 2) Genetic and biochemical analyses have provided an understanding of GA perception and signaling mechanisms in rice (Oryza sativa) and Arabidopsis thaliana. 1) GA action occurs through DELLA protein degradation triggered by the GA-dependent interaction of DELLA and GID1, a soluble GA receptor. DELLA proteins are degraded through the SCF SLY1/GID2 proteasome pathway. The details of GA perception and signaling mechanisms through GID1, DELLA, and GID2 have been extensively reported for rice. [3] [4] [5] [6] cDNAs encoding DELLA proteins have also been cloned from various other plant species. We have isolated two DELLA cDNAs (LsDELLA1 and LsDELLA2) from lettuce (Lactuca sative L.) seeds. 7) During cloning using reverse transcription-polymerase chain reaction (RT-PCR), we identified a spliced variant of a LsDELLA1 transcript, LsDELLA1sv, encoding LsDELLA1 with a deletion of the C-terminal GRAS domain. No spliced variant of DELLA has been reported in any other plant species. In this study, we report the identification and characterization of LsDELLA1sv. Two cDNAs encoding GID1s in lettuce (LsGID1a and LsGID1b) were isolated for use in binding assays.
Materials and Methods
Plant materials. All experiments in this study were performed using the same lot of lettuce seeds (L. sativa L. cv. Grand Rapids) as was used in our previous study. 7) Seeds (50 mg) were incubated at 25 C under continuous white fluorescent light (6000 lux) in a Petri dish (6 cm i.d.) containing 2 mL of buffer (1 mM MES, pH 6.1). Imbibed seed and germinating seed samples were harvested 12 h and 3 d, respectively, after the start of imbibition. Leaves, stems, and roots were harvested from seedlings grown for 1 month under continuous white fluorescent light. To harvest buds and flowers, adult plants were grown under natural conditions. Genomic PCR and RT-PCR of LsDELLAs. Genomic DNA was extracted from frozen 1-month-old leaves of seedlings by the cetyl trimethylammonium bromide method. 8) Genomic PCR was performed using a reaction mixture (50 mL) containing 10 ng of lettuce genomic DNA, 0.2 mM dNTPs, 1.5 mM MgCl 2 , 200 nM of each primer set, and 2.5 units of Expand HF PLUS (Roche Diagnostics Japan, Tokyo). The following primer sets were used: for full-length LsDELLA1, 5 0 -ATTTAAGTTCTACAGAAAAGACTC-3 0 (LsDELLA1-FL-F, sense) and 5 0 -AGATCAAACTAAAGTTATAAGC-3 0 (LsDELLA1-FL-R, antisense); for partial LsDELLA1, 5 0 -GATGCAGGCTTTGGC-TCTTC-3 0 (LsDELLA1-QRT-F, sense) and 5 0 -AATTGAGCCAA-TTTCCAACCA-3 0 (LsDELLA1-QRT-R, antisense); and for partial LsDELLA1sv, LsDELLA1-QRT-F and 5 0 -TTTCAGCAAGAAAA-CCCCTGAT-3 0 (LsDELLA1sv-QRT-R, antisense). The PCR conditions were as follows: initial denaturation at 94 C for 2 min; followed by 40 cycles at 94 C for 30 s, 50 C for 30 s, and 72 C for 1 or 4 min; and a final extension at 72 C for 7 min. RT-PCR was performed by the method described above using a cDNA pool (10 ng) prepared from imbibed lettuce seeds and the above primer sets for partial LsDELLA1 and LsDELLA1sv. The extension time at 72 C was 1 min. The various PCR fragments were subcloned in a pGEM-T Easy vector (Promega, Madison, WI). DNA sequencing was performed using a Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems Japan, Tokyo) and an ABI PRISM 310 Genetic Analyzer (Applied Biosystems Japan).
Molecular cloning of LsGID1s. Degenerate primers for GID1 were designed on the basis of the conserved amino acid regions of O. sativa 9) and A. thaliana 10) GID1:
0 (GID1-F2, sense, encoding CAYDDGW); 5 0 -CKCCARTACCARTCNCKRTC-3 0 (GID1-R1, antisense, encoding DWYWKAY); and 5 0 -GTNACRAARTAYTTNCCRTC-3 0 (GID1-R2, antisense, encoding DGKYFVT). The cDNA pools derived from imbibed seeds and seedlings were used as templates for primary RT-PCR. The reaction mixture (50 mL) contained 0.2 mM dNTPs, 1.5 mM MgCl 2 , 2 mM of each primer (GID1-F1 and GID1-R1 for primary RT-PCR; GID1-F2 and GID1-R2 for secondary RT-PCR), and 2.5 units of Expand HF PLUS. The PCR conditions were as follows: initial denaturation at 94 C for 2 min; followed by 40 cycles of 94 C for 1 min, 45 C for 1 min, and 72 C for 1 min; and a final extension at 72 C for 7 min. Secondary PCR was performed using the diluted primary products and Expand HF PLUS. The cycling program was same as that for primary PCR. Subcloning and sequence analysis of PCR fragments were performed by the method described above. Next, 5 0 -and 3 0 -rapid amplification of cDNA ends (RACE) was performed by the methods described previously.
7)
Binding assay of LsGID1s with GA. The coding regions of LsGID1a and LsGID1b were amplified by RT-PCR using primers with suitable restriction enzyme sites (underlined at the 5 0 end of each primer): for LsGID1a, 5 0 -GAATTCGATGGCTGGTAGTAATGAAATC-3 0 (EcoRI, sense) and 5 0 -CTCGAGTTAAGAAGAGCTCACAAAGC-3 0 (XhoI, antisense), and for LsGID1b, 5 0 -GAATTCGATGGCTGGTAGTAAC-GAAATC-3 0 (EcoRI, sense) and 5 0 -GCGGCCGCTTAATCTTTCT-GGGTTTTCTCG-3 0 (NotI, antisense). Amplified fragments were subcloned into expression vector pET32b (Takara Bio, Shiga, Japan). The various plasmids were transformed into E. coli strain BL21 (DE3). Preparation of plasmids, heterologous expression in E. coli, and extraction of recombinant proteins were done by previously described methods.
11) Binding assays of thioredoxin (Trx)-LsGID1s with GAs were also performed by previously described methods. 9, 10) [1,2,16,17-3 H 4 ]-16,17-Dihydro-GA 4 was used as labeled GA, and unlabeled GA 4 was used as a competitor to test for non-specific binding.
Interactions between Trx-LsGID1s and glutathione S-transferase (GST)-LsDELLAs were examined in the presence of labeled GA using the binding assays described above. Recombinant Trx-AtGID1c 10) was also used. Recombinant GST-LsDELLA1 and -LsDELLA2 proteins were prepared as previously described. 7) In order to construct plasmids for recombinant LsDELLA1sv, its coding region cDNA was amplified by RT-PCR using the following specific primers: 5 0 -GAATTCGAT-GAAACGAGAATACCCAC-3 0 (EcoRI, sense) and 5 0 -CTCGAGTT-AAATCAGGCATCGAGGGT-3 0 (XhoI, antisense). The PCR products were subcloned into pGEX-4T-3 vector (GE Healthcare Japan, Tokyo). The plasmids were transferred into E. coli strain pKJE7/BL21 (Takara Bio), and then extraction and purification of recombinant GSTLsDELLA1sv was performed by previously described methods.
Yeast two-hybrid assay. The Matchmaker Two-Hybrid System 3 (Takara Bio) was used. The full-length coding region cDNAs of the various lettuce DELLAs were amplified by RT-PCR using a specific primer set, and then inserted into the pGBKT7 or the pGADT7 yeast vector. The primer sets used were as follows: for LsDELLA1, 5
0 -CATATGAAACGAGAATACCCACAGC-3 0 (NdeI, sense) and 5 0 -GAATTCTCACCGGAGCTTCCAC-3 0 (Eco RI, antisense), and for LsDELLA1sv, 5 0 -GAATTCTTAAATCAAGCATCGAGGGTTC-3 0 (EcoRI, antisense). To determine interaction affinity, yeast strains AH109 and Y187 were used for His assay and -galactosidase liquid assay, respectively. These assays were performed following the manufacturer's instructions.
Quantitative RT-PCR (QRT-PCR).
Total RNA was extracted from frozen samples using an RNAqueous column with Plant RNA Isolation Aid (Applied Biosystems Japan) or by the SDS-phenol method. cDNA was prepared from 1 mg of total RNA using a QuantiTect Reverse Transcription Kit (Qiagen Japan, Tokyo). QRT-PCR using SYBR Green I was performed on a Thermal Cycler Dice Real Time System (TP800, Takara Bio) as previously described, 7) using the following primers: for LsDELLA1, LsDELLA1-QRT-F and LsDELLA1-QRT-R, and for LsDELLA1sv, LsDELLA1-QRT-F and LsDELLA1sv-QRT-R. The primer sets for 18SrRNA and LsDELLA2 were as previously described.
7) The means of two replicates were normalized using 18S rRNA internal controls.
Sequence analysis tools. Homology database searches against LsGID1s were performed by BLAST analysis (http://www.ncbi.nlm. nih.gov/). The phylogenetic relationships of the GID1 amino acid sequences were determined by ClustalW, which is available from the DNA Data Bank of Japan (http://clustalw.ddbj.nig.ac.jp/top-j.html).
Results

Identification of the LsDELLA1sv transcript
The open reading frame (ORF) of LsDELLA1 contains 1710 bp that encode 569 amino acid residues. 7) During cDNA cloning of LsDELLA1, we isolated an alternative LsDELLA1 cDNA clone with a deletion of 82 bp from position 1010 to 1091 in the ORF region (Fig. 1A) . The nucleotide sequence of LsDELLA1sv was deposited in the GenBank/EMBL database under accession no. AB370239. LsDELLA1sv encodes 353 amino acid residues and lacks part of the C-terminal GRAS domain (Fig. 1B) due to frame shift (Fig. 1A) . We named this clone LsDELLA1 spliced variant (LsDELLA1sv). Sequence analysis of a genomic DNA fragment of LsDELLA1 amplified by PCR using a fulllength primer set (LsDELLA1-FL-F and LsDELLA1-FL-F-R) indicated that the LsDELLA1 cDNA was derived from a transcript that was not spliced (data not shown). We performed genomic PCR and RT-PCR using the various specific primer sets (Fig. 1A) . Bands of LsDELLA1 of the expected lengths were amplified from both genomic DNA and cDNA templates, whereas a LsDELLA1sv band was amplified from the cDNA template but not from the genomic DNA template (Fig. 1C ). This suggests that there is no 82-bp-deleted copy gene located at a locus different from LsDELLA1 in the lettuce genome. In addition, the 5 0 and 3 0 ends of the deleted 82-bp cDNA were GT and AG, respectively, suggesting that the corresponding 82 bases of the LsDELLA1 transcript were spliced.
Cloning of cDNAs encoding lettuce GID1s
Previous reports have indicated that artificial truncated mutants of rice and Arabidopsis DELLA lacking the GRAS domain interact with the GID1/GA complex with a lower binding affinity than normal. 3, 12) It was deduced that since LsDELLA1sv has DELLA and VHYNP motifs, it probably interacts with GID1. In order to determine whether LsDELLA1sv interacts with GID1, we performed a binding assay using recombinant LsDELLA1sv and lettuce GID1. To isolate GID1 homologs from lettuce, nested RT-PCR using degenerate primer sets was performed. We obtained two cDNA fragments from GID1 homologs (LsGID1a and LsGID1b) and determined their full-length nucleotide sequences by 5 0 -and 3 0 -RACE; their accession nos. are AB377173 and AB377174, respectively. The predicted coding regions of LsGID1a and LsGID1b were 1297 and 1491 bp, encoding 348 and 363 amino acid residues, respectively. The deduced amino acid sequences of both LsGID1s were highly homologous with those of other plant species (Fig. 2A) , including Gossypium hirsutum GID1b (accession no. EF607794), which showed 77% and 79% homology with LsGID1a and LsGID1b, respectively. Binding assays using recombinant LsGID1s and labeled GA were performed for functional analysis. Unlabeled GA 4 was used as a competitor to evaluate non-specific binding. Both recombinant TrxLsGID1a and Trx-LsGID1b were prepared (Fig. 2B) . They showed specific GA binding activity (Fig. 2C) . These results suggest that both LsGID1a and LsGID1b encode GID1s responsible for GA perception and signaling in lettuce.
Interaction of LsDELLAs and LsGID1/GA GID1 has been found to bind directly to DELLA in the presence of bioactive GA. Both recombinant GSTLsDELLA1 and GST-LsDELLA2 were found to interact with the Trx-AtGID1c/GA complex in our previous study. 7) That is, both normal LsDELLAs clearly increase the GA-binding activity of AtGID1s in vitro. We performed further in vitro binding assays using LsGID1 and LsDELLA recombinant proteins (Figs. 2B and 3A) to determine whether LsDELLA1sv interacts with the GID1/GA complex. Recombinant Trx-AtGID1c 7) was also used. The addition of recombinant GST-LsDELLA1sv as well as GST-LsDELLA1 and GST-LsDEL-LA2 increased the GA-binding activity of all the GID1s examined, viz., Trx-AtGID1c and Trx-LsGID1s (Fig. 3B ). This suggests that LsDELLA1sv interacted with the GID1/GA complex just like normal LsDELLAs. Considering the information collected from studies of rice and Arabidopsis, 3, 12) it is reasonable to suggest that LsDELLA1sv possessing DELLA and VHYNP motifs interacts with the GID1/GA complex.
Interaction between LsDELLA1sv and LsDELLA1 DELLA proteins have been found to form dimers through interactions among Leu-rich repeat regions (LRs). 13) To determine whether LsDELLA1sv interacts with LsDELLA1, a yeast two-hybrid assay was performed. Full-length cDNAs were fused separately to the GAL4 activation domain (AD) and the DNA binding domain (BD). Homodimeric and heterodimeric interactions were assessed by coexpression of AD and BD fusion proteins in AH109 and Y187 yeast cells containing HIS3 and -galactosidase reporter genes under a GAL1 promoter. Yeasts containing AD-LsDELLA1/ BD-LsDELLA1 and AD-LsDELLA1/BD-LsDELLA1sv grew on His/Leu/Trp and Leu/Trp media, and their A, Spliced nucleotide sequences in LsDELLA1sv. The region from 931 to 1152 of the LsDELLA1 ORF cDNA is magnified. The nucleotides based on the design of a specific primer set for LsDELLA1 (LsDELLA1-QRT-F and LsDELLA1-QRT-R) are boxed, and those of the specific antisense primer for LsDELLA1sv (LsDELLA1sv-QRT-R) are double-underlined (1005-1009 fused with 1092-1118). Small characters indicate the 82 spliced nucleotides in LsDELLA1sv from position 1010 to 1091. The frame shift triggered by the 82-bp splicing generated a premature stop codon (underlined amino acid residues). B, Diagrams showing predicted primary structures of LsDELLA1 and LsDELLA1sv. LR, Leu-rich repeat; NLS, nuclear localizing signal. C, Genomic PCR (genome) and RT-PCR (cDNA) of LsDELLA1 (1) and LsDELLA1sv (1sv) using specific primer sets shown in panel (A).
-galactosidase activity was higher than that of the negative control (Fig. 4) , suggesting that LsDELLA1 interacts not only with LsDELLA1 but also with LsDELLA1sv, probably through LR1. However, these results also suggest that the affinity of LsDELLA1sv and LsDELLA1 is lower than that of homodimeric LsDELLA1.
Gene expression in various organs
We obtained LsDELLA1sv cDNA from lettuce seeds. In order to study the physiological role of LsDELLA1sv, we performed two independent expression analyses of LsDELLA1, LsDELLA1sv, LsDELLA2, LsGID1a, and LsGID1b in various organs by QRT-PCR. Expression of these genes was detected in all the organs examined, although there was little difference between their expression patterns in the two experiments ( Fig. 5A  and B) . The LsDELLA1 transcript level was much higher than the LsDELLA1sv transcript level. The LsDELLA2 and LsGID1b mRNA levels were less high in the late reproductive stage organs (flowers obtained 15-30 d after flowering) and dry seeds. The ratios of the LsDELLA1sv to the LeDELLA1 levels in the samples examined were also calculated (Fig. 6) . The ratio of LsDELLA1sv to LsDELLA1 was higher in the flower samples at the late reproductive stage and in the seed samples (dry seeds and imbibed seeds) than in the other samples examined. A, Phylogenetic tree of LsGID1s and GID1s in other plant species. The tree was generated using ClustalW (http://clustalw. ddbj.nig.ac.jp/top-j.html). The accession nos. are as follows: AtGID1a (Arabidopsis thaliana), At3g05120; AtGID1b, At3g63010; AtGID1c, At5g27320; GhGID1a (Gossypium hirsutum), DQ829776; GhGID1b, EF607794; and OsGID1 (Oryza sativa), AB211399. B, SDS-polyacrylamide gel electrophoresis of crude recombinant Trx-LsGID1s. Proteins from the two batches (1 and 2) were separated on a 12.5% (w/v) polyacrylamide gel and stained with Coomassie Brilliant Blue. Arrowheads indicate targeted recombinant proteins. C, Specific binding of LsGID1s with GA. Details are described in the text. A, SDS-polyacrylamide gel electrophoresis of purified recombinant GST-LsDELLAs. Recombinant GST-LsDELLAs were purified by affinity chromatography, separated on a 10% (w/v) polyacrylamide gel, and stained with Coomassie Brilliant Blue. B, Binding of LsDELLAs to GID1/gibberellin complexes in vitro. GST and crude Trx were used as negative controls. Three independent experiments were performed, and means with standard deviations are shown. GST, 1, 1sv, and 2 indicate GST alone, GST-LsDELLA1, GSTLsDELLA1sv, and GST-LsDELLA2, respectively. 
Discussion
The DELLA protein is a negative regulator of GA signaling.
1) DELLA degradation is triggered by interaction with the GID1/GA complex. The N terminus of DELLA has DELLA and VHYNP motifs that interact directly with the GID1/GA complex, and the C terminus is involved in suppressing GA action. 3, 13, 14) In this study, we identified a spliced variant of LsDELLA1, LsDELLA1sv, encoding a truncated DELLA that lacks part of the C-terminal GRAS domain (Fig. 1) . The recombinant LsDELLA1sv interacted with the GID1/ GA complex (Fig. 3B ) just like the artificial C-terminal truncated DELLA mutants identified previously in rice and Arabidopsis. 3, 12) Because DELLA in other plant species has no intron, it has been assumed that DELLA transcripts are not spliced. Therefore, LsDELLA1sv is a unique spliced variant that is capable of binding to the GID1/GA complex having no repression activity as to GA signaling. It has been found that transgenic rice expressing the ÁC-Ter and ÁLR mutants of SLR1 display a slender phenotype in a dominant negative manner and a phenotype almost identical to the wild type, respectively, suggesting that SLR1 functions as a dimer through LR.
13) The LR in rice SLR1 corresponds to LR1 in Fig. 1B . Moreover, ÁC-Ter has a nuclear localizing signal, like LsDELLA1sv, and is constitutively localized in the nucleus regardless of GA treatment. 13) Recently, it was reported that a stable GID1-SLR1 interaction through the C-terminal GRAS domain is essential for the recognition of SLR1 by GID2, a F-box protein of the ubiquitin-proteasome system.
6) It is thus plausible that truncated DELLA lacking the GRAS domain is resistant to GA treatment. The Arabidopsis mutant alleles with C-terminal truncated GAI and RGA also displayed slender phenotypes. 15, 16) Moreover, our yeast two-hybrid assay suggested that LsDELLA1sv interacts with LsDELLA1 (Fig. 4) in a manner similar to the way in which the rice ÁC-Ter mutant interacts with SLR1, 13) despite the low affinity of the heterodimers as compared with the homodimers of normal DELLA. The above suggests that LsDELLA1sv serves as a repressor of DELLA suppression of the GA signal in lettuce (Fig. 7A) . Another possibility is that the GID1/GA complex is trapped by LsDELLA1sv and separated from normal DELLA dimers, resulting in the suppression of GA signaling (Fig. 7B) . Findings from previous studies of rice SLR1 6, 13) suggest that the LsDELLA1sv-GID1/ GA complex is not recognized by the lettuce GID2 ortholog. Expression analysis indicated that the ratio of LsDELLA1sv to normal LsDELLA1 transcripts was higher in flowers at the late reproductive stage (the seed maturation stage) and in the seeds (Fig. 6) . Considering that abscisic acid signaling is required rather than GA signaling in these stages, 17 ) the latter possibility is plausible. But we could not determine whether LsDELLA1sv functions as a positive or a negative regulator of GA signaling due to a lack of evidence. To clarify the physiological roles of LsDELLA1sv, further work, including study of protein levels, overexpression of LsDELLA1sv, and a biochemical kinetic study of LsDELLA1sv, LsDELLA1, and the GID1/GA complex, is required. Furthermore, the interaction between LsDELLA1sv and transcription factors, including phytochrome-interacting factors that has been found to interact with the DELLA protein, 18, 19) should be addressed. It appears that LsDELLA1sv is a possible modulator of GA signaling in lettuce.
Spliced variants are generated by alternative splicing of transcripts derived from a gene. Alternative splicing is an important post-transcriptional regulatory mechanism, resulting in increased protein diversity. Information on alternative splicing in plants has gradually accumulated through the use of model plants such as Arabidopsis and rice, while it has been extensively studied in mammals. It has been reported that approximately 20% of genes show alternative splicing events in both Arabidopsis and rice. 20) Spliced variants of JAZ10, a member of the JAZ protein family involved with jasmonate (JA) signaling in Arabidopsis, have been described by Chung and Howe. 21) JAZ proteins are negative regulators of JA signaling and are degraded by JA and COI1, an F-box protein, similarly to DELLA degradation. JAZ10.4, a spliced variant of JAZ10, lacks the Jas domain that interacts with COI1, resulting in resistance to JA-triggered degradation. Moreover, transgenic plants overexpressing JAZ10.4 display a strong JA-insensitive phenotype, which is suppressed by a mutation of the TIFY motif in the ZIM domain. These suggest that JAZ10.4's dominant negative action was due to dimerization with normal JAZ proteins through the ZIM/TIFY domain, and that JAZ10.4 functions to attenuate JA signaling. 21) Itoh et al. found that overexpression of SLR1 lacking a DELLA motif in rice resulted in a strong GA-insensitive dwarf phenotype in a dominant negative manner due to its interaction with normal SLR1 through the LR domain. 13) If a spliced variant of DELLA lacking a DELLA motif is generated naturally, it functions to attenuate GA signaling, like JAZ10.4 in JA signaling. Thus it is strongly suggested that posttranscriptional regulation, including alternative splicing, is an important regulatory mechanism of plant growth via phytohormone signaling.
Here we identified a novel spliced variant of LsDELLA1 that lacks part of the C-terminal GRAS domain. It remains unclear whether the spliced variant of DELLA is present in plant species other than lettuce. Although there are several problems that must be resolved, our findings bear on GA activity via DELLA/ GID1 interaction. A, Positive regulator model for GA signaling. LsDELLA1sv traps normal LsDELLA1 to suppress its function, promoting GA signaling. B, Negative regulator model for GA signaling. LsDELLA1 traps the LsGID1/GA complex to protect normal LsDELLA1.
